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Introduction
Pancreatic neuroendocrine tumors 
(NETs) are rare. They have an incidence 
of less than 1 case per 100,000 individ-
uals per year. Pancreatic NETs are gen-
erally indolent and carry a much better 
prognosis than ductal adenocarcinoma 
of the pancreas.1-3 Although pancre-
atic NETs account for approximately 
1% to 3% of all pancreatic cancers by 
prevalence, they constitute 10% of all 
pancreatic cancers due to their better 

survival. 4 The majority (40%-91%) of 
pancreatic NETs are nonfunctional, but 
the remainder can present with clinically 
evident hormonal symptoms depending 
on the hormones they secrete. Of the 
functioning tumors, 70% are insulino-
mas, 15% are glucagonomas, and 10% 
are gastrinomas and somatostatinomas. 
The remaining rare functional pancreat-
ic NETs include vipomas and cholecys-
tokinin-secreting tumors.5-7

Hypercalcemia is a well-known com-

plication of cancer and can be caused 
by local osteolytic effects of cancer, ex-
cess 1, 25(OH)2D secretion, or ectopic 
parathyroid hormone secretion. Hu-
moral hypercalcemia of malignancy, 
which is caused by the oversecretion of 
parathyroid hormone–related peptide 
(PTH-rP), is responsible for 80% of ma-
lignancy associated hypercalcemias.8-11 
Although humoral hypercalcemia can 
be caused by any tumor, its presence 
in patients with pancreatic NETs is ex-
tremely rare.12-14

Immunotherapy in oncology has 
shown promising results in many cancer 
types. The immune landscape of NETs 
has yet to be fully defined. Most NETs 
appear to be mismatch repair proficient 
and have a low tumor mutational bur-
den (TMB). Only 3% of patients with 
NETs have been reported to harbor 
more than 17 mutations per megabase.15 
Immune checkpoint molecules are heter-
ogeneously expressed in the surrounding 
cells of NETs, and it is unclear whether 
or not tumor-infiltrating lymphocytes 
may have antitumor effects within the 
tumor microenvironment. Recently, an 
immune checkpoint inhibitor combi-
nation therapy showed efficacy in pa-
tients with high-grade neuroendocrine  
carcinoma.16 
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ABSTRACT: Pancreatic neuroendocrine tumors (NETs) are a 

heterogeneous group of neoplasms. They can be functioning tumors with 

secretion of a variety of peptide hormones, or nonfunctioning tumors with 

metastases to the liver at the time of diagnosis. Well-differentiated tumors 

tend to be slow-growing and characterized by low tumor mutational 

burden (TMB) and lower propensity to express PD-L1. Hypercalcemia due 

to malignancy can occur in about 20% to 30% of patients with cancer. 

The secretion of parathyroid hormone–related protein (PTH-rP) is among 

the causes of malignant hypercalcemia and has seldom been associated 

with hypercalcemia of NETs. Although the therapeutic landscape for 

neuroendocrine neoplasms has evolved substantially over the past decade, 

the role of immunotherapy has not yet been completely explored in this 

group of patients. We present a rare case of a metastatic pancreatic NET 

with high TMB, high PD-L1 tumor proportion score, and high PTH-rP–

related hypercalcemia. 
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Case 
A White woman aged 62 years not-
ed poor appetite, occasional nausea, 
vomiting, indigestion, and a 30-pound 
weight loss starting 6 months prior to 
her diagnosis. Initial evaluation, in-
cluding upper and lower endoscopies, 
revealed Barretts esophagus with no 
dysplasia, a cecal polyp, and negative 
celiac disease markers. Treatment with 
proton pump inhibitors did not help 
her symptoms. As time passed, she not-
ed occasional epigastric and right up-
per quadrant abdominal pain. Further 
evaluation with ultrasound and a CT 
scan of the abdomen revealed a large 
necrotic mass in the pancreatic body/
tail extending to the splenic hilum with 
invasion into the spleen, as well as mul-
tiple enhancing lesions throughout the 
liver (Figure 1A). A CT-guided biopsy 
of a liver lesion revealed a metastatic, 
well-differentiated, high-grade (grade 3) 
NET with rosette formation, high mi-
totic rate (more than 20 per high power 
field), and a Ki-67 index of 30% (Figure 
2 A, B). Further work-up with 68gallium 
68-dotatate PET-CT confirmed a large 
pancreatic body/tail PET avid mass with 
direct extension involving the splenic 
hilum and multiple hepatic metastases. 
(Figure 1B). Ultrasound of the thyroid 

and parathyroid glands and MRI of the 
brain was negative. Serum gastrin, glu-
cagon, and vasoactive intestinal peptide 
levels were normal. She had no fasting 
or nocturnal hypoglycemia. Serum chro-
mogranin A level was elevated at 754 ng/
mL (normal 0-103). A genetic consulta-
tion and work-up by our certified genet-
ic counselor did not reveal any familial 
neuroendocrine syndrome.

Shortly after her diagnosis, the patient 
was noted to have an elevated calcium 
level of 12.6 mg/dL. Further work-up re-
vealed normal vitamin D 25(OH) (30.69 
ng/dL; normal, 30-60); normal vitamin 
D 1, 25(OH)2 (78 pg/mL; normal, 19-
79); suppressed intact PTH (4.6pg/mL; 
(normal, 12-78); and elevated PTH-rP 
(32 pmol/L; normal, 0-4.2). Because of 
the extent of her disease, she was ini-
tially treated with systemic fluoropyrim-
idine-oxaliplatin-based systemic chemo-
therapy along with monthly long-acting 
octreotide acetate (Sandostatin LAR De-
pot) injections. Calcium level returned 
to normal with intravenous bisphospho-
nate and isotonic saline. After the com-
pletion of 4 cycles of systemic treatment, 
she underwent an exploratory laparoto-
my with the intent of tumor debulking, 
distal pancreatectomy, and splenectomy. 
However, the extent of tumor invasion 

of the celiac plexus, left gastric artery, 
and splenic artery, which were not pre-
dictable by the imaging studies, limit-
ed the surgery to a wedge resection of  
the liver. 

PD-L1 immunohistochemistry analy-
sis of the tumor revealed a tumor pro-
portion score (TPS) of 80%. Next-gen-
eration sequencing analysis showed a 
TMB of 15 per megabase, stable micro-
satellite status, and genomic findings of 
RNF43 p.G659fs*41,ATRX p.S750del, 
BCOR p.L855fs*1,HNF1Ap.P379fs*5, 
MLH1E172,MSH3 p.K383fs*32,Q-
KI p.K134fs*14. She was started on 
immune checkpoint inhibitor therapy 
with pembrolizumab and continued on 
long-acting octreotide acetate. 

Discussion
Our increased understanding of the 
biology, pathophysiology, and genet-
ics of pancreatic NETs has led to im-
proved diagnostic and treatment op-
tions. However, the optimal treatment 
and sequencing of these treatments re-
main largely undefined. The relatively 
uncommon occurrence and indolent 
nature of some NETs make designing 
and completing adequately powered 
randomized trials very difficult. Most 
patients receive multiple modalities of 
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 Figure 1 Large necrotic mass in the pancreatic body/tail extending to the splenic hilum with the invasion into spleen. Multiple enhancing 
lesions throughout the liver (A). Large pancreatic body/tail PET avid mass with direct extension into splenic hilum.  Multiple PET avid hepatic 
metastases (B).
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treatments during the course of their 
disease. Assessment of the effectiveness 
of a particular treatment relative to the 
other treatments becomes very chal-
lenging due to the use of a plethora of 
various treatments with widely varied 
sequencing. Thus, a lack of established 
data on optimal treatment sequencing 
exists. Available practice guidelines of-
fer a wide variety of management op-
tions but remain inadequate for the care 
of individual patients. Involvement of 
an experienced multidisciplinary team 
is crucial to provide the optimum co-
ordinated care. For patients with met-
astatic disease, a multitude of treat-
ment options has ranged from surgical 
debulking, to systemic chemotherapy, 
targeted therapy, liver-directed therapy, 
peptide receptor radionuclide therapy, 
and more. 

Surgery
Surgery is the initial treatment approach 
for most early-stage tumors. However, 
patients with incidentally discovered 
nonfunctioning tumors, especially those 

less than 1 cm in size, may be followed 
depending on the site of the tumor.17,18 
Resection of the primary tumor and its 
metastases may be of benefit in selected 
patients with advanced disease. Metas-
tases in patients with NETs of the pan-
creas often occur first in the liver. Cu-
rative-intent surgical excision of both 
the primary tumor and the metastases 
should be considered in patients with 
limited hepatic disease. This can be 
performed in a staged or synchronous 
fashion.19 Noncurative debulking sur-
gery can also be considered in selected 
cases. When performing staged pancre-
atoduodenectomy and liver resection, 
hepatectomy should be considered be-
fore pancreatic resection to minimize 
the risk of perihepatic sepsis from the 
contaminated biliary tree.20 Additional 
resection and/or ablation may be pos-
sible, providing long-term survival.21 A 
prophylactic cholecystectomy may be 
considered, to avoid biliary symptoms 
and gallstones that could occur due to 
the continued future use of long-term 
somatostatin analogues.22 

Systemic Therapy
Symptomatic patients with clinically 
significant unresectable tumor burden 
may benefit from systemic therapy. Sev-
eral different cytotoxic chemotherapy 
regimens have been shown to have an-
titumor activity but no consensus exists 
on which regimen is the best. Strepto-
zosin is approved for use in patients with 
advanced pancreatic NETs. The combi-
nation of doxorubicin and streptozosin  
showed an overall response rate (ORR) 
of  69% and a survival benefit in  a small 
randomized trial.23 An ORR of 39% 
was reported in a retrospective study 
using the combination of streptozosin, 
5-fluorouracil, and doxorubicin.24 In 
another study with 88 patients, FOLF-
OX demonstrated an ORR of 31%, me-
dian progression-free survival (PFS) of 
9 months, and median overall survival 
(OS) of 30 months,25 while in a smaller 
study with FOLFOX, a disease control 
rate of 78% was observed.26

Octreotide or lanreotide should be 
considered in certain patients with 
symptomatic or unresectable disease, 
high tumor burden, or significant disease 
progression. Patients with symptoms of 
hormone secretion or patients who have 
uptake with somatostatin scintigraphy 
benefit from somatostatin analogues. 
Octreotide and lanreotide share the same 
mechanism of action. In a randomized 
study of 204 patients with gastroen-
teropancreatic NETs, treatment with 
lanreaotide vs placebo resulted in im-
proved PFS (not reached vs 18 months; 
P <.001).27 Octreotide showed improve-
ment in time to tumor progression (14.3 
vs 6 months; P = .000072) in carcinoid 
tumors of the midgut.28 Radiolabeled so-
matostatin analogues have shown tumor 
responses and encouraging survival rates 
in nonrandomized studies.29,30 In a study 
involving 610 patients with metastatic 
gastroenteropancreatic and bronchial 
NETs, treatment with 177Lu-dotatate re-
sulted in complete responses in 6 patients 
and a 71-month median OS in patients 
with pancreatic NETs.31 
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 Figure 2A Pancreatic well-differentiated neuroendocrine tumor. Well-differentiated 
neoplasm with rosette formation; the Ki67 index was approximately 30% (H&E, 400X 
magnification).



Oral temozolomide, either alone or 
in combination, has shown activity in 
advanced pancreatic NETs. In results 
of a retrospective series, temozolomide 
combined with capecitabine showed an 
objective response rate of 70% and a 
median PFS of 18 months.32 Kunz et al 
presented prospective randomized phase 
2 trial data comparing single-agent 
temozolomide with the combination 
of temozolomide and capecitabine in 
advanced pancreatic NETs; the combi-
nation arm showed improved PFS and 
OS.33 In a prospective study combina-
tion of temozolomide with bevacizum-
ab, radiographic response was seen  in 
33% of patients,34 and in another study 
the combination of temozolomide with 
everolimus showed partial response in 
40% of patients with pancreatic neu-
roendocrine tumors.35 Everolimus was 
evaluated in a randomized multicenter 
study involving 410 patients with  
advanced progressive pancreatic NETs, 
and the agent showed PFS benefit com-
pared with placebo (11.0 vs 4.6 months; 
P <.001).36 Sunitinib was compared with 
placebo in a randomized study of 171 
patients and also showed a PFS advan-
tage over placebo (11.4 vs 5.5 months; 
P <.001).37

Liver-Directed Therapies
Various liver-directed therapies have 
been available for hepatic-predominant 
metastatic disease, mostly to reduce the 
tumor bulk and relieve symptoms of 
hormone hypersecretion. Among these 
are transarterial embolization, chemo-
embolization, radioembolization, ra-
diofrequency ablation, cryotherapy, 
and microwave ablation. Embolization 
in general is considered an effective ap-
proach in patients with liver-predom-
inant disease38-40; however, there are 
limited data comparing various embo-
lization techniques. A systematic review 
of radiofrequency ablation of 301 pa-
tients reported symptom improvement 
of 92%, with a median duration of 14 
to 27 months.41 

Microwaves are a nonionizing form 
of radiation that cause extremely rapid 
oscillation of the water within tissues; 
friction from the fluctuation of intra-
cellular water molecules generates heat, 
which in turn leads to coagulative ne-
crosis. The intratumoral temperatures 
of microwave ablation are consistently 
higher than those that can be achieved 
with radiofrequency ablation. In both 
radiofrequency ablation and microwave 
ablation, a probe is placed into the tar-
get lesion under radiographic guidance 
or during open surgery. Multiple lesions 
can be ablated during the same proce-
dure. However, here is a paucity of data 
comparing microwave ablation with ra-
diofrequency ablation for management 
of NETs in the liver.42,43

Cryoablation, another thermoabla-
tion technique, works by decreasing cell 
viability through low temperatures.44 
Seifert et al described a series of 13  
patients with NETs who underwent 
hepatic cryotherapy; cryoprobes were 
inserted under ultrasound guidance. 
Twelve of 13 patients had complete 
ablation of all visible tumors, with 2 

recurrences at the ablation sites and 12 
survivors at 1 year of post-ablation. All 
7 patients who had hormonally related 
symptoms prior to cryotherapy experi-
enced palliative benefit. Two patients de-
veloped a postprocedural coagulopathy 
requiring intraabdominal packing and 
the transfusion of clotting factors.45

Unusual Features of the Case
High TMB With a High PD-L1 
TPS 
PD-L1 immunohistochemistry analysis 
of the tumor in our patient revealed a 
TPS of 80%, and next-generation se-
quencing analysis indicated a TMB of 
15 per megabase. The role of immuno-
therapy in NET patients has not been 
well defined. Predictive biomarkers such 
as high TMB and high PD-L1 TPS are 
being evaluated in identifying patients 
who might benefit from this treatment 
modality. Our current knowledge about 
immunotherapy in gastroenteropan-
creatic NETs mostly comes from ear-
ly-phase clinical trials and case reports. 
In the phase 1b KEYNOTE-028 study, 
16 patients with pancreatic NETs who 
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 Figure 2B Positivity for synaptophysin (immunoperoxidase stain, 400X magnification).



were treated with pembrolizumab 
monotherapy had an ORR of 6%, PFS 
of 27% at 12 months, and a median  OS 
of 87%.46 The analysis of data from a 
phase 2 basket trial of atezolizumab 
and bevacizumab in solid tumors, which  
included pancreatic and extrapancreatic 
NET cohorts and involved 40 patients 
with previously treated grade 1/2 NETs, 
revealed ORRs of  20% and 15% and 
median  PFS of 19.6 months and 14.9 
months in the 2 cohorts, respectively.47 
In another phase 2 basket trial, a dual 
anti–CTLA-4 and anti–PD-1 blockade 
was tested by utilizing nivolumab plus 
ipilimumab in 15 patients with nonpan-
creatic gastrointestinal NETs.16 Objec-
tive responses were observed only in 
high-grade NETs with an ORR of 44%, 
but the blockade had meager efficacy in 
the well-differentiated tumors. Several 
case reports of the use of single-agent or 
combination immunotherapy in NETs  
have also been published.48-51 Our pa-
tient’s high TMB, high PD-L1 score,  
and grade 3 histology led us to  
utilize immunotherapy. 

Elevated PTH-rP and 
Hypercalcemia
An elevated calcium level with a sup-
pressed intact PTH level  and an elevated 
PTH-rP level was another rather unusu-
al feature of our case. Malignancy-relat-

ed hypercalcemia is rather uncommon in 
pancreatic NETs.52-54 PTH-rP is an auto-
crine, paracrine, and endocrine peptide 
involving calcium transportation and/or 
signaling expressed in response to a vari-
ety of physiological stimuli.55 It is struc-
turally similar to PTH and, like PTH, it 
enhances renal tubular reabsorption of 
calcium while simultaneously increasing 
urinary phosphorus excretion. Howev-
er, unlike PTH, it does not increase 1, 
25(OH)2 D, thus it does not increase 
intestinal absorption of calcium and 
phosphorus. PTH-rP acts on osteo-
blasts, leading to enhanced synthesis of 
the receptor activator nuclear kappa B 
(RANK) ligand.56,57  Bisphosphonates 
can normalize serum calcium level in 
more than 70% of patients; however, 
in approximately 25% of patients, the 
level can be resistant to bisphospho-
nate therapy,58 with a relatively short 
duration (2-3 months) of serum calci-
um level control. Our patient’s calcium 
level normalized with intravenous bis-
phosphonate and isotonic saline; how-
ever, her PTH-rP level remained elevated 
(34 pmol/L) while her intact PTH level 
remained suppressed (1.4 pg/mL) for  
2 months into her hypercalcemia di-
agnosis and treatment. Serum PTH-rP 
levels can be considered to be a tumor 
marker and may indicate treatment re-
sponse or disease progression.59 PTH-

rP has an N-terminal and a C-terminal, 
which can be utilized as clinically useful 
assays. While both assays are elevated 
in patients with humoral hypercalcemia 
of malignancy, C-terminal PTH-rP de-
pends on glomerular filtration and ac-
cumulates in patients with renal failure, 
while N-terminal PTH-rP remains low 
or undetectable.60 Our patient had nor-
mal renal function. Her elevated but sta-
ble PTH-rP level, despite normalization 
of hypercalcemia, could be indicative of 
bisphosphonate treatment and stabiliza-
tion of her disease by the early effect of 
immunotherapy and octreotide. 

Outcome of the Case
Our patient, currently 6 months out 
from her original diagnosis, is being 
treated with monthly intramuscular in-
jections of octreotide (Sandostatin LAR 
30 mg) and intravenous pembrolizumab 
200 mg every 3 weeks. She is currently 
asymptomatic and tolerating her treat-
ments well. She will be evaluated for 
further noncurative debulking surgery 
and/or liver-directed ablative therapy 
depending on the tumor response to 
systemic treatment.
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